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[57] ABSTRACT 

A fiber optic transmission line stabilizer for providing a 
phase-stabilized signal at a receiving end of a fiber optic 
transmission line (26) with respect to a reference signal 


at a transmitting end of the fiber optic transmission line 
(26) so that the phase-stabilized signal will have a prede- 
termined phase relationship with respect to the refer- 
ence signal regardless of changes in the length or disper- 
sion characteristics of the line (26). More particularly, a 
reference signal of RF frequency modulates a 0.85 mi- 
crometer wavelength optical transmitter (20). The out- 
put of the optical transmitter (20) passes through a first 
optical filter (24) and a voltage-controller phase shifter 
(22), the output of the phase shifter (22) being provided 
to the fiber optic transmission line (26). At the receiving 
end of the fiber optic transmission line (26), the signal is 
demodulated, the demodulated signal being utilized to 
modulate a 1.06 micrometer optical transmitter (34). 
The output signal from the 1.06 micrometer optical 
transmitter (34) is provided to the same fiber optic trans- 
mission line (26) and .passes through the voltage-con- 
trolled phase shifter (22) to a phase error detector (36). 
The phase of the modulation of the 1.06 micrometer 
wavelength signal is compared to the phase of the refer- 
ence signal by the phase error detector (36), the detec- 
tor (36) providing a phase control signal related to the 
phase difference. This control signal is provided to the 
voltage controlled phase shifter (22) which alters the 
phase of both optical signals passing therethrough until 
a predetermined phase relationship between modulation 
on the 1 .06 micrometer signal and the reference signal is 
obtained. 


21 Claims, 8 Drawing Figures 
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FIBER OPTIC TRANSMISSION LINE 

STABILIZATION APPARATUS AND METHOD 

ORIGIN OF THE INVENTION 5 

The invention described herein was made in the per- 
formance of work under a NASA contract and is sub- 
ject to the provisions of Section 305 of the National 
Aeronautics Space Act of 1958, Public Law 85-568 (72 
Stat. 435, 42 USC 2457). '0 

TECHNICAL FIELD 

The invention relates to phase stabilization apparatus 
and methods for phase stabilizing a reference signal 
transmitted through a fiber optic transmission line. 
More particularly, the invention provides a means for 
synchronizing the phase of a reference signal at a re- 
ceiving end of the fiber optic transmission line with 
respect to a reference signal at a transmitting end of the 
fiber optic transmission line so that a predetermined 20 
phase relationship between the two can be maintained 
even though the line length and/or the propagation 
delay may change due to temperature and/or pressure 
effects. 

25 

BACKGROUND ART 

To transmit time and frequency standards with accu- 
racies approaching one part in 10’^, feedback systems 
have been conventionally utilized to stabilize the trans- 
mission path against external influences. Some existing 30 
systems utilize coaxial lines as the transmitting path. For 
stabilization, a signal at the receiving end of the path is 
transmitted through the same path back to the transmit- 
ting end where its phase is compared with a standard 
reference source. Any phase fluctuations at the end of 35 
the path are corrected by a voltage-controlled phase 
shifter inserted in the path. However, reflections along 
the coaxial line utilizing this method are highly undesir- 
able as they add signals travelling in opposite directions 
and vary the phase of the originally transmitted signal. 40 
Attempts to avoid this problem have resulted in utiliz- 
ing forward and backward signals of different frequen- 
cies so that they can be easily isolated with filters. How- ■ 
ever, line dispersion and dispersion in the voltage-con- 
trolled phase shifter produce errors in phase correction 45 
which render it impossible to achieve an accuracy of 
one part in 10’^. The apparatus and method provided by 
the invention eliminate these problems by transmitting 
the reference signal as modulation upon an optica! sig- 
nal, thus allowing a fiber optic transmission line to be 50 
utilized as the transmission path. The apparatus includes 
a novel optical phase shifter that is utilized to stabilize 
the propagation delay through the fiber optic transmis- 
sion line. 

STATEMENT OF INVENTION 

The invention provides a fiber optic transmission line 
stabilizer for providing a phase stabilized reference 
signal at a receiving end of a fiber optic transmission 
line, the phase stabilized reference signal having a pre- 60 
determined phase relationship with respect to a first 
reference signal provided at a transmitting end of the 
fiber optic transmission line. The stabilizer includes a 
means for providing a first optical signal modulated by 
the first reference signal to the fiber optic transmission 65 
line transmitting end, the first optical signal being at a 
first optical wavelength. A means for developing a 
second reference signal related to the modulation on the 


2 

first optical signal after having passed through the fiber 
optic transmission line is provided. A second optical 
signal which is modulated by the second reference sig- 
nal is provided to the fiber optic transmission line re- 
ceiving end, the second optical signal being at a second 
optical wavelength. Also provided is a means for simul- 
taneously altering the phase of the modulation on the 
first optical signal and the phase of the modulation on 
the second optical signal in response to a phase control 
signal. The stabilizer also includes a means for generat- 
ing the phase control signal in response to a phase dif- 
ference between the first reference signal and the modu- 
lation on the second optical signal after having been 
altered by the means for simultaneously altering, 
thereby resulting in the second reference signal having 
a predetermined phase relationship with respect to the 
first reference signal. The second reference signal then 
becomes the phase stabilized reference signal. The in- 
vention also provides a method for providing a phase 
stabilized reference signal at a receiving end of a fiber 
optic transmission line. 

More particularly, a fiber optic transmission line sta- 
bilizer is provided which modulates a 0.85 micrometer 
wavelength transmitter with an RF reference signal. 
The modulated 0.85 micrometer wavelength signal is 
provided through a novel voltage-controlled phase 
shifter to a fiber optic transmission line. The signal as 
received at the receiving end of the fiber optic transmis- 
sion line is demodulated, the demodulated signal being 
provided to modulate a 1.06 micrometer wavelength 
optical transmitter. The 1.06 micrometer wavelength 
signal is transmitted back through the fiber optic trans- 
mission line and voltage controlled phase shifter to a 
phase error detector which generates a phase control 
signal for the voltage-controlled phase shifter that is 
related to the phase difference between the modulation 
on the 1.06 micrometer signal and the RF reference 
signal. Thus, the voltage-controlled phase shifter con- 
trols the phase shift of both the outgoing and incoming 
signals until a predetermined phase relationship there- 
between is achieved. This predetermined phase rela- 
tionship thus assures that the reference signal at the 
receiving end of the fiber optic transmission line has a 
predetermined phase relationship with respect to the 
RF reference signal. 

The voltage-controlled phase shifter utilized in the 
apparatus is also novel. It includes a voltage-controlled 
directional coupler having two outputs, the amplitude 
of the signal at each output being related to the ampli- 
tude of an input signal and the phase control signal from 
the phase error detector. One coupler output passes 
through an optical delay line and is then summed with 
the other coupler output, this sum signal then having a 
phase relationship with respect to a first optical input 
signal that is determined by the phase control signal 
from the phase error detector. In a similar manner, a 
second optical input signal is split into two signals, one 
of which is passed through the optical delay line to the 
directional coupler and the other of which is passed 
directly to the directional coupler. These two signals 
are summed by the directional coupler so that the resul- 
tant signal has a phase shift related to the phase shift 
introduced in the first optical input signal. It has been 
found that this novel voltage controlled phase shifter 
compensates for most line dispersion. 

Thus, instead of utilizing two different radio frequen- 
cies for forward and backward signals as in conven- 
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tional systems, two different optical frequencies each 
being modulated by a reference signal are utilized. The 
advantages of utilizing modulated optical signals in- 
clude the separation of forward and backward signals 
with optical filters, thereby allowing radio frequency 5 
mixers and frequency dividers used in present RF sys- 
tems to be avoided. The usual advantages of fiber optic 
links such as small size, light weight, and insensitivity to 
electromagnetic interference and ground loop problems 
can be realized. 10 

BRIEF DESCRIPTION OF DRAWINGS 

FIG. 1 is a schematic diagram showing a phase rela- 
tionship between a reference signal provided at^a trans- 
mitting end of a transmission line, the reference signal as 15 
received at a receiving end of the transmission line, and 
the reference signal as returned through the transmis- 
sion line back to the transmitting end; 

FIG. 2 is a block diagram of a fiber optic transmission 
line stabilizer provided by the invention; 20 

FIG. 3 is a block diagram of the voltage controlled 
phase shifter shown in FIG. 2; 

FIG. 4 is a block diagram of the phase error detector 
shown in FIG. 2; 

FIG. 5 is a further embodiment of the phase error 25 
detector; 

FIG. 6 is a plot of the phase »|/ of a recombined signal 
as a function of delay line length 1 and propagation 
constant y3 for various splitting coefficients A; 

FIG. 7 is a plot of power loss (P) vs the delay line 30 
length and propagation constant for various splitting 
coefficients A; and 

FIG. 8 is a plot of i//-A/31 vs for various splitting 
coefficients A. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

Detailed illustrative embodiments of the invention 
disclosed herein exemplify the invention and are cur- 
rently considered to be the best embodiments for such 40 
purposes. They are provided by way of illustration and 
not limitation of the invention. Various modifications' 
thereof will occur to those skilled in the art, and such 
modifications are within the scope of the claims which 
define the present invention. 45 

By way of background, a transmission of time and 
frequency standards with accuracies approaching one 
part in 10'“* requires some type of feedback system in 
order to stabilize transmission paths against external 
influences. In a typical stabilization system utilizing a 50 
coaxial cable, a standard reference source, which could 
be a hydrogen maser, is connected to the coaxial cable. 

A reference signal from the standard source is transmit- 
ted through the coaxial cable and returned through the 
same cable where its phase is compared with the refer- 55 
ence signal. Any phase fluctuations at the transmitting 
end of the path are corrected by a voltage-controlled 
phase shifter inserted in the path of the outgoing and 
incoming signals. Reflections along the transmission 
line are highly undesirable because such reflections add 60 
signals travelling in opposite directions and vary their 
phases. This can be avoided if the forward and back- 
ward signals are of different frequencies so that they can 
easily be isolated by filters. However, dispersions in the 
line and the voltage-controlled phase shifter produce 65 
errors in phase correction as is evident from the analysis 
below. Referring to FIG. 1, a reference signal E; passes 
through a voltage-controlled phase shifter 10 and coax- 
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ial cable 12 to a receiving end B where the received 
signal is designated as Ez- Received signal Ez is then 
retransmitted back through the coaxial cable 12, the 
phase shifter 10, and arrives at C where the signal is 
designated as E3. Signal Ez has a phase shift of (/3 iL-l- 4>) 
where L is the length of the line, y3i the forward propa- 
gation constant, and the phase shift introduced by the 
voltage-controlled phase shifter 10. On return of signal 
E2 through the coaxial cable 12, the propagation con- 
stant is /?2 which may be different from y 3 1 . Signal E3 has 
a phase shift of (Bi -t-B2)L-|-2cJ) with respect to the ref- 
erence signal El. Now, for example, if the length of the 
line is changed from L to L-I-AL due to a temperature 
change or any other reason, then the phase of E3 is 
changed, and the feedback system will produce a signal 
to change <j> and compensate for the change in line 
length. The required change in the voltage-controlled 
phase shifter 10 is thus A<j) which equals— ()3i -I- y32)AL. 
With this change, however, the phase of E2 is 

/3,(L + AL)+(l> + A<l> = l(/3,-fl2V2]AL + /3,L + <!> 

and is a function of AL; i.e., the phase of E2 is not stabi- 
lized unless 181 equals /3z- Thus, it should be apparent 
that the forward and backward signals through the 
coaxial cable 12 must propagate through the same line 
and the same voltage-controlled phase shifter in order 
to achieve phase stabilization of E2. The stabilizer dis- 
closed herein eliminates the above difficulties by utiliz- 
ing an optical transmission line having a radio fre- 
quency modulated optical signal transmitted through 
the line for frequency and time standard distribution. 
Line dispersion of the modulated optical wave is virtu- 
ally zero at all radio frequencies. However, a phase shift 
cannot be performed directly on an optical signal, for a 
phase shift in the RF modulation of a quarter cycle 
would mean a change in path length of 16 meters and a 
continuously variable optical delay line covering such a 
wide range is not available. The stabilizer disclosed 
herein modulates a reference microwave signal on an 
optical signal via a first optical transmitter, the output of 
which is transmitted at a first optical frequency through 
a voltage-controlled phase shifter to a demodulator at 
the receiving end of the fiber optic transmission line 
wherein the modulation is recovered and a reference 
signal derived therefrom. This signal is utilized to mod- 
ulate a second optical transmitter, the output of which is 
transmitted back through the same fiber optic transmis- 
sion line and through the voltage-controlled phase 
shifter to a phase error detector. The phase error detec- 
tor detects a phase difference between the original ref- 
erence signal and the modulation on the second optical 
signal after having passed through the voltage-con- 
trolled phase shifter. The phase error detector provides 
an output signal which controls the voltage-controlled 
phase shifter until the phase relationship between the 
returned signal and the reference signal is at a predeter- 
mined value. This closed loop system thus insures that 
the phase of the signal received at the receiving end of 
the optical transmission line maintains a predetermined 
phase relationship with respect to the reference signal, 
thereby providing an output signal which is phase stabi- 
lized regardless of changes in path length of the fiber 
optic transmission line. 

Referring now to FIG. 2, a fiber optic transmission 
line stabilizer according to the invention is shown. A 
microwave reference signal or first reference signal is 
divided by a power splitter 14 and provided to a first 
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reference line 16 and a second reference line 18. The 
stabilizer includes a first optical transmitter 20 and a 
voltage-controlled phase shifter 22 which is in commu- 
nication with the optical transmitter 20 through a first 
optical filter 24. The first optical transmitter 20 is 5 
chosen to have an output signal having a wavelength of 
0.85 micrometers. A fiber optic transmission line 26 is 
provided between the voltage-controlled phase shifter 
22 and a second optical filter 28. The stabilizer further 
includes a photodiode 30 for demodulating the output 10 
of the voltage-controlled phase shifter 22, and an ampli- 
fier 32 for providing a signal related to the demodulated 
output signal from the photodiode 30 to a second opti- 
cal transmitter 34 which provides a second optical out- 
put signal having a wavelength of 1.06 micrometers. 15 
The output of the photodiode 30 is referred to as a 
second reference signal, and becomes phase-stabilized 
with respect to the first reference signal as will be ex- 
plained below. A phase error detector 36 is included for 
providing a phase control signal related to a phase dif- 20 
ference between the first and second reference signals. 

In operation, the first reference signal on line 16 mod- 
ulates the first optical transmitter 20 which provides an 
intensity modulated optical output signal having an 
optical wave length of 0.85 micrometers, and an inten- 25 
sity modulation corresponding to amplitude changes of 
the first reference signal. This modulated first optical 
output signal is provided to the first optical filter 24 
which is chosen to be substantially transparent to 0.85 
micrometer wavelengths, and substantially reflective to 30 
1.06 micrometer wavelengths. The output of the first 
optical filter 24 is provided to the voltage-controlled 
phase shifter 22 which, as will be explained below, 
changes the phase of the intensity modulation on the 
first optical output signal in accordance with the phase 35 
control signal provided by the phase error detector 36. 
The output of the voltage-controlled phase shifter 22 is 
then provided to the fiber optic transmission line 26 
which interfaces with the second optical filter 28 which 
is also chosen to be substantially transparent to 0.85 40 
micrometer wavelengths and substantially reflective to 
1.06 micrometer wavelengths. The modulated first opti- 
cal output signal passes through the second optical filter 
28 to the photodiode 30 which generates the second 
reference signal having an amplitude corresponding to 45 
the intensity modulation on the 0.85 micrometer optical 
input signal. The second reference signal is amplified by 
the amplifier 32, the output of which intensity modu- 
lates a second optical output signal provided by the 1 .06 
micrometer optical transmitter 34. This signal is pro- 50 
vided to the second optical filter 28 where it is reflected 
back through the fiber optic transmission line 26 to the 
voltage-controlled phase shifter 22. The phase of the 
intensity modulation on this signal is also altered in 
accordance with the value of the phase control signal 55 
from the phase error detector 36. The second optical 
signal from the voltage-controlled phase shifter 32 is 
provided to the first optical filter 24 where it is reflected 
into the phase error detector 36. The other input to the 
phase error detector 36 is the first reference signal on 60 
the second reference line 18. The difference in phases 
between the modulation on the second optical output 
signal and the first reference signal generates the phase 
control signal which is provided to the voltage con- 
trolled phase shifter 22 to control the phase shift in the 65 
first and second optical output signals passing there- 
through. The control voltage alters the phase of the two 
signals until a predetermined phase difference between 
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the first and second reference signals is achieved. At 
this time, the second reference signal at the output of 
the photodiode 30 becomes phase stabilized with re- 
spect to the first reference signal, thereby resulting in a 
tracking accuracy between the phase-stabilized second 
reference signal and the first reference signal which has 
been heretofore unachievable by conventional phase 
stabilizers. 

The voltage-controlled phase shifter 22 is shown in 
further detail in FIG. 3. A voltage-controlled direc- 
tional coupler 40 is a conventional directional coupler 
wherein an input signal is divided into two output sig- 
nals having an amplitude relationship with respect to 
each other that is determined by a control signal which 
in the exemplary embodiment is the phase control signal 
from the phase error detector 36. The voltage con- 
trolled directional coupler 40 has a first intermediate 
output port 42 and a second intermediate output port 
44, the first intermediate output port 42 providing an 
output signal having an amplitude A with respect to the 
incoming signal and the second intermediate output 
port 44 providing an output signal having an amplitude 
1-A with respect to the input signal, A being less than 1. 
Thus, the signal from the first intermediate output port 
42 and the signal from the second intermediate output 
port 44 have an amplitude ratio with respect to each 
other that is related to the phase difference between the 
second reference signal and the first reference signal. 
An optical delay line 46 connects the output of the 
second intermediate port 44 to a beam splitter 50. Thus, 
the signals from the first intermediate output port 42 
and the second intermediate output port 44 are com- 
bined by the beam splitter 50 and provided as an output 
signal to the fiber optic transmission line 26. As can be 
appreciated, the phase delay of the modulation on the 
signal from the second intermediate output port 44 
when combined with the signal from the first intermedi- 
ate output port 42 results in an optical output signal to 
the fiber optic transmission line 26 which has a phase 
relationship with respect to the input signal from the 
first optical filter 24 that is determined by the phase 
control signal from the phase error detector 36. Ac- 
cordingly, if A equals 1, then the phase of the optical 
signal modulation will not be altered by the voltage 
controlled phase shifter 22. However, if A should equal 
0, then the phase of the optical signal modulation will be 
delayed by the amount induced by the optical delay line 
40. As A varies between 0 and 1, the phase can be ad- 
justed between these two limits. The optical delay line 
46 within the voltage controlled phase shifter 22 must 
be long compared with the coherence length of the 
optical carrier at 0.85 and 1.06 micrometers so that 
addition of the signal at the beam splitter 50 occurs 
incoherently. Thus, any optical interference effect can 
be disregarded. 

The 1.06 micrometer or second optical output signal 
returning via the fiber optic transmission line 26 is split 
by the beam splitter 50 into two signals having equal 
amplitudes. The signal that is reflected downwardly 
from the beam splitter 50 passes through the optical 
delay line 46 to the second intermediate output port 44 
and the signal that passes through the beam splitter 50 
enters the first intermediate output port 42. These sig- 
nals are combined in accordance with the value of A 
determined by the output of the phase error detector 36 
and are provided to the first optical filter 24 and thus to 
the phase error detector 36. As can be appreciated, the 
phase shift induced in the outgoing or 0.85 micrometer 
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wavelength optical signal is substantially identical to 
the phase shift introduced in the incoming or 1.06 mi- 
crometer wavelength optical signal. An analytical anal- 
ysis of the operation of the voltage controlled phase 
shifter 22 will be provided below. 5 

The phase error detector 36 shown in FIG. 4 includes 
a photodiode 54 and a phase detector 56. The second 
optical signal at 1.06 micrometers is provided as an 
input to the phase error detector 36 by the first optical 
filter 24. The photodiode 54 provides an output signal 
related to the modulation on the second optical signal. 
This modulation is compared to the first reference sig- 
nal from the power splitter 14 by the photodetector 56 
which in turn provides an output voltage related to a 
phase difference between those two signals. The phase 
detector 56 also has a bias signal input 58 which allows 
a predetermined phase control signal to be provided to 
the voltage controlled phase shifter 22 for a predeter- 
mined phase difference between the phase detector 56 
input signals. The phase detector 56 is a standard type 
phase detector well known to those familiar with elec- 
tronic processing equipment. 

A further embodiment of the phase error detector 36' 
is shown in FIG. 5. Here, an optical modulator 62, a 25 
photodiode 64 and a low pass filter 66 are combined to 
provide the phase control signal to the voltage con- 
trolled phase shifter 22. The 1.06 micrometer wave- 
length signal from the first optical filter 24 is provided 
as one input to the optical modulator 62. This signal, as 30 
previously explained, contains modulation related to 
that of the second reference signal from the photodiode 
30. The other input to the optical modulator 62 is the 
first reference signal from the power splitter 14. The 
output of the optical modulator 62 is provided to the 35 
photodiode 64 which in turn provides an output signal 
related to the modulation on the output signal from the 
optical modulator 62. This signal is provided to the low 
pass filter 66 which in turn provides the phase control 
signal to the voltage controlled phase shifter 22. 40 

The phase tp of the recombined signal from the beam 
splitter 50 is controlled by the splitting coefficient A as 
previously explained. A zero phase shift occurs if A 
equals zero, and A equals one corresponds to a phase 
shift of /Jl, where 1 is the delay line 46 length and /3 the 
propagation constant at that optical frequency. There- 
fore, 

.1, = ,„-i dJinJl 


cos + 1 — A 


backward signals in proportion to their respective j3’s, 
the phase shifts would appear as below: 

i/(| = ij)/3i 

'1<2 = ‘}>/32 

Ai(<2=A<|)/32 

To hold the phase of shift E3 constant, the following 
equation would have to be satisfied; 


-O 81 + fiz) AL = AiJ;| + Atpz 

= A^(/3, + 02) 


-A<j>=AL 

and the phase at E2 is /Ji(L-|-AZ,)-|-i|(i-l-A»|/|=y3iL-|-i//i 
independent of AL, that is- stabilized regardless of the 
line dispersion. 

In order to ascertain how much error is introduced 
due to a slight non-linearity of \p vs /31, an approximate 
formula for »|/ near A=J needs to be developed. Here, 


A cos /3/ + 




For A near i, A = J + «, so 




Using the expansion 


tan-'(x + c) = (x + e) 




and the recombined signal is thus 


1 +p COS l|» 


) 


. ) + 0(e2) 


p=((A sin 0l)^ + (A cos 01 + 1 -A)^)i ‘ 

Plots of Ip and p vs /31 for different A’s, are shown in 

FIGS. 6 and 7. It can be seen from FIG. 6 that \p is fairly 60 _ g/ ^ 2 1 

linear with respect to /?! but not quite. In FIG. 8, »|>-Ay31 ‘*'“2 (i+cos/32) , ^ ^^^2 01 

is plotted vs p\ for different A’s. For A=0, i and 1, ^ 

ip-API is exactly linear with respect to y31. = “2 

It would be desirable to have the linearity of ip vs /31 

to hold for all values of A, since linearity is necessary 65 formula is accurate to within seven percent for e as 
for compensation of line dispersion. Referring again to large as ±0 25 
FIG. 1, if the phase shifter 10, for example, introduces Thus 
different phase shifts Ei and E 2 on the forward and 
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ij/ = + 2e tan 


where 5 

€=A — ^, 

and 1 as before is the length of the optical delay line 46. 
The tangent term produces the undesirable non- 10 
litiearity. The phase shift introduced to the forward and 
backward signals are thus respectively 



Pi' 


-1- 2« tan — ^ — 

, fill 

^2‘ 

lf>l = — 

+ 2« tan — j — 
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Assume initially that A is set to J (i.e., €=0). Now, a 
change in the length of the fiber optic transmission line 20 
26 (AL) produces an error signal that changes A and 
thus i|/i and tp 2 '- 


A<|>i — 2c tan 


it|i 2 = 2c tan 



25 


30 


The amount of change in A necessary for phase stabili- 
zation is thus: 


hence giving 


35 


iL / 13 1 -I- (32 

• 2 / 3 |/ fill 

I tan — I — tan — j — 

With this change, the change in phase at the second 
optical filter 28 is 

45 



8 = fi\^ + Ai|(i 

fill 

= )3iA£. -I- 2c tan — ^ — 

(^tan-^j A£(^I + fii) 

^ Wi Wi 

tan ' 2 ' + ~ 2 " 
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It would be desirable if 8 would be equal to zero as 
would be the case if the tangent functions were replaced 
by linear functions (i.e., 6-shifter linear in 0), or Pi—Pz 
(i.e., no dispersion). 

To approximate 50 



For the range of interest, /81<7r/2, the above expres- 
sion is accurate to within five percent. Substitution 
gives 


For example, at a carrier wavelength of 0.85p,, 
^ = /? 1 = 2 /3984 cm for 5 MHz modulating signal, and 
at i.06p., /3989 cm. Thus, fii=P\ + ^P, 

where 6j8 is small. Substitution into the above equation 
provides to a first order in 8)3. 




2/3]3 + 3^i2 s/3 


2fi\ + 8/3 


•) 


/^AZ. 


fil^ 

12 


fil 




2fil )) 


fiAL 


fi?fi 

8 =x — — dfiAL 


As expected, this phase error is small when /31 is small, 
for then ij/ is moie linear in /81. 

Thus, it can be appreciated that a fiber optic transmis- 
sion stabilizer has been described which provides a 
phase-stabilized reference signal with respect to a 
source reference signal having a phase stability hereto- 
fore unachieved by conventional phase stabilization 
systems. 

What is claimed is: 

1. A fiber optic transmission line stabilizer for provid- 
ing a phase-stabilized signal at a receiving end of a fiber 
optic transmission line with respect to a first reference 
signal at a transmitting end of said fiber optic transmis- 
sion line so that said phase-stabilized signal will have a 
predetermined phase relationship with respect to said 
first reference signal, said stabilizer comprising: 
a first optica] transmitter having a first optical output 
signal at a first optical wavelength, said first optical 
output signal being modulated by said first refer- 
ence signal; 

a voltage controlled phase shifter responsive to a 
phase-shift control signal for shifting the phase of 
said first reference signal modulation on said first 
optical output signal, the phase-shifted output sig- 
nal of said voltage controlled phase shifter being 
provided to said fiber optic transmission line trans- 
mitting end; 

means for generating a second reference signal at the 
receiving end of said fiber optic transmission line, 
said second reference signal being derived from 
modulation on the phase-shifted output signal of 
said voltage controlled phase shifter; 
a second optical transmitter having a second optical 
output signal at a second optical wavelength, said 
second optical output signal being modulated by a 
signal related to said second reference signal; 
means for providing said second optical output signal 
to said fiber optic transmitting line receiving end; 
a phase-error detector for generating said phase-shift 
control signal, said control signal being related to a 
phase difference between two input signals; 
means for providing a signal related to the modula- 
tion on said second optical output signal as re- 
ceived at the transmitting end of said fiber optic 
transmission line to said phase-error detector; 
means for providing said first reference signal to said 
phase-error detector, said first reference signal and 
said signal related to the modulation on said second 
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optical output signal comprising said phase-error 
detector two input signals; and 

means for providing said phase-shift control signal to 
said voltage controlled phase shifter thereby caus- 
ing the phase of the modulation on said first optical 5 
output signal to be altered until the phase of said 
second reference signal has a predetermined rela- 
tionship with respect to the phase of said first refer- 
ence signal, said second reference signal then defin- 
ing said phase stabilized signal. 10 

2. The stabilizer of claim 1 wherein said voltage con- 
trolled phase shifter comprises: 

a voltage controlled directional coupler responsive to 
said phase-shift control signal for dividing said first 
optical output signal into first and second interme- 15 
diate optical signals having an amplitude relation- 
ship with respect to each other that is determined 
by said phase-shift control signal; 

means for delaying one of said intermediate optical 
signals so that the phase of the modulation con- 20 
tained thereon is altered with respect to the phase 
of the modulation on the other intermediate optical 
signal; and 

means for combining said phase-altered intermediate 
optical signal and the other intermediate optical 25 
signal, thereby providing said phase-shifted output 
signal to said fiber optic transmission line. 

3. The stabilizer of claim 2 wherein said means for 
delaying comprises a fiber optic delay line. 

4. The stabilizer of claim 3 wherein said means for 30 
combining comprises a beam splitter. 

5. The stabilizer of claim 1 wherein said phase error 
detector comprises: 

detecting means for generating a signal related to the 
modulation on said second optical output signal as 35 
received at the transmitting end of said fiber optic 
transmission line; and 

means for generating said phase-shift control signal 
having an amplitude related to a phase difference 
between said signal provided by said detecting 40 
means and said first reference signal. 

6. The stabilizer of claim 5 wherein said detecting 
means comprises a photodiode. 

7. The stabilizer of claim 1 wherein said phase-error 

detector comprises; 45 

an optical modulator for providing a third optical 
output signal modulated in accordance with the 
phase difference between said first reference signal 
and the modulation on said second optical output 
signal as received at the transmitting end of said 50 
fiber optic transmission line; and 

demodulation means for generating a signal related to 
the modulation on said third optical output signal, 
said signal comprising said phase-shift control sig- 
nal. 55 

8. The stabilizer of claim 7 wherein said demodula- 
tion means comprises: 

a photodetector having said third optical output sig- 
nal as an input signal; and 

low pass filter means for filtering an output signal 60 
from said photodetector, the output of said low 
pass filter means comprising said phase shift con- 
trol signal. 

9. The stabilizer of claim 1 wherein said means for 
providing said second optical output signal to said fiber 65 
optic transmission line receiving end comprises a first 
optical filter which is substantially transparent with 
respect to said first optical wavelength and is substan- 
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tially reflective with respect to said second optical 
wavelength. 

10. The stabilizer of claim 9 wherein means for gener- 
ating said second reference signal at the receiving end 
of said fiber optic transmission line comprises a photodi- 
ode. 

11. The stabilizer of claim 1 wherein said first optical 
transmitter output signal is at an optical wavelength of 
0.85 micrometers. 

12. The stabilizer of claim 1 wherein said second 
optical transmitter output signal is at an optical wave- 
length of 1.06 micrometers. 

13. The stabilizer of claim 9 wherein said means for 
providing a signal related to the modulation on said 
second optical output signal comprises a second optical 
filter which is substantially transparent with respect to 
said first optical wavelength and is substantially reflec- 
tive with respect to said second optical wavelength. 

14. A fiber optic transmission line stabilizer for pro- 
viding a phase-stabilized reference signal at a receiving 
end of a fiber optic transmission line, said phase-stabil- 
ized reference signal having a predetermined phase 
relationship with respect to. a first reference signal pro- 
vided at a transmitting end of said fiber optic transmis- 
sion line, said stabilizer comprising: 

means for providing a first optical signal modulated 
by said first reference signal to said fiber optic 
transmission line transmitting end, said first optical 
signal being at a first optical wavelength; 

means for developing a second reference signal re- 
lated to the modulation on said first optical signal 
after having passed through said fiber optic trans- 
mission line; 

means for providing a second optical signal modu- 
lated by said second reference signal to said fiber 
optic transmission line receiving end, said second 
optical signal being at a second optical wavelength; 

means for simultaneously altering the phase of the 
modulation on said first optical signal and the phase 
of the modulation on said second optical signal in 
response to a phase shift control signal, and 

means for generating said phase-shift control signal in 
response to a phase difference between said first 
reference signal and the modulation on said second 
optical signal after having been altered by said 
means for simultaneously altering, thereby result- 
ing in said second reference signal having a prede- 
termined phase relationship with respect to said 
first reference signal, said second reference signal 
then defining said phase-stabilized reference signal. 

15. The stabilizer of claim 14 wherein said means for 
simultaneously altering comprises: 

a voltage controlled directional coupler for generat- 
ing first and second intermediate signals from said 
first optical signal having an amplitude ratio related 
to the value of said phase shift control signal; 

means for dealying said second intermediate signal; 
and 

means for combining said first intermediate signal and 
said delayed second intermediate signal, said means 
for combining also dividing said second optical 
signal into third and fourth intermediate signals 
whereby said fourth intermediate signal is delayed 
by said means for delaying, said voltage controlled 
directional coupler combining said third intermedi- 
ate signal and said fourth delayed intermediate 
signal so that the phase of the modulation on said 
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combined signal is related to the value of said phase 
shift control signal. 

16. The stabilizer of claim 15 wherein said means for 
delaying comprises an optical delay line. 

17. The stabilizer of claim 16 wherein said means for 5 
combining comprises a beam splitter. 

18. A voltage controlled phase shifter for simulta- 
neously altering the phase of first and second optical 
signals comprising: 

a voltage controlled directional coupler having a 10 
reference signal input/output port, a first interme- 
diate signal input/output port, a second intermedi- 
ate signal input/output port, and a control signal 
port; 

means for providing said first optical signal at a first 
optical wavelength to said reference signal input- 
/output port whereby said voltage controlled di- 
rectional coupler provides a first intermediate sig- 
nal at said first intermediate signal input/output 
port and a second intermediate signal at said sec- 
ond intermediate sigaal input/output port, the am- 
plitude ratio between said first and second interme- 
diate signals being related to a signal provided to 
said control signal port; 
combining means for combining said first and second 25 
intermediate signals and for dividing said second 
optical signal at a second optical wavelength into 
third and fourth intermediate signals, the combined 
first and second intermediate signals defining a 
phase altered first optical signal; 30 

delay means interconnecting said second intermedi- 
ate signal input/output port and said combining 
means for simultaneously delaying said second 
intermediate signal as it passes from said second 
intermediate input/output port to said combining 35 
means and said fourth intermediate signal as it 
passes from said combining means to said second 
intermediate signal input/output port; and 
means for interconnecting said first intermediate sig- 
nal input/output port and said combining means 40 
for simultaneously passing said first intermediate 
signal from said first intermediate signal input/out- 
put port to said combining means and said third 
intermediate signal from said combining means to 
said first intermediate signal input/output port 45 
whereby said third intermediate signal and said 
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fourth intermediate signal are summed by said di- 
rectional coupler as though they had an amplitude 
ratio the same as that between said first and second 
intermediate signals as they pass from said first and 
said second intermediate signal input/output ports, 
respectively, the summed third and fourth interme- 
diate signals defining a phase altered second optical 
signal that exits said voltage controlled directional 
coupler reference signal input/output port simulta- 
neously as said first optical signal enters said refer- 
ence signal input/output jjort. 

19. The phase shifter of claim 18 wherein said com- 
bining means comprises a beam splitter. 

20. The phase shifter of claim 18 wherein said delay 
15 means comprises an optical delay line. 

21. A method for providing a phase-stabilzied signal 
at a receiving end of a fiber optic transmission line, said 
phase stabilized signal having a predetermined phase 
relationship with respect to a first reference signal pro- 

20 vided at a transmitting end of said fiber optic transmis- 
sion line, said method comprising the steps of: 
providing a first optical signal modulated by said first 
reference signal to said fiber optic transmission line 
transmitting end, said first optical signal being at a 
first optical wavelength; 

developing a second reference signal related to the 
modulation on said first optical signal after having 
passed through said fiber optic transmission line; 
providing a second optical signal modulated by said 
second reference signal to said fiber optic transmis- 
sion line transmitting end, said second optical sig- 
nal being at a second optical wavelength; 
simultaneously altering the phase of the modulation 
on said first optical signal and the phase of the 
modulation on said second optical signal in re- 
sponse to a phase-shift control signal; and 
generating said phase-shift control signal in response 
to a phase difference between said first reference 
signal and the modulation on said second optical 
signal after having been altered by said simulta- 
neously altering step, thereby resulting in said sec- 
ond reference signal having a predetermined phase 
relationship with respiect to said first reference 
signal, said second reference signal then defining 
said phase stabilized signal. 
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